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ABSTRACT We determined whether serum carotenoid or

retinol concentrations were altered by {3-carotene supplementa-

tion in the Alpha- Tocopherol, Beta-Carotene Cancer Prevention

Study and whether such effects were modified by alcohol

consumption or cigarette use. Participants in this substudy were

491 randomly selected men aged 58-76 y from the metropolitan

Helsinki study center [237 receiving supplemental {3-carotene

(20 mg/d) and 254 not receiving such supplementation]. Dietary

carotenoids, retinol, and alcohol, and serum /3-carotene, a-to-

copherol, retinol, and cholesterol were assessed at baseline.

After an average of 6.7 y of supplementation. serum was

collected and carotenoid. retinol, and a-tocopherol concentra-

tions were determined by HPLC. Serum carotenoid fractions

were highly correlated with each other ( p :5 0.000 1 ). Compared

with the unsupplemented group, the /3-carotene group had sig-

nificantly higher serum concentrations of /3-carotene ( 1483% ),

a-carotene ( 1~5%), and /3-cryptoxanthin (67%) (P :5 0.0001).

Retinol concentrations were 6% higher ( p = 0.03) and lutein

was 11% lower (P = 0.02) in the supplemented group. Serum

lycopene, zeaxanthin. and a-tocopherol did not differ according

to /3-carotene-supplementation status. Although these /3-caro-

tene-group differences were not signitlcantly altered by amount

of alcohol consumption. higher consumption (> 12.9 g/d, me-

dian) was related to lower (10-38c:7c) concentrations of carote-

noids, particularly /3-carotene, a-carotene, and /3-cryptoxan-

thin. in both the supplemented and unsupplemented groups.

Smoking status did not significantl:-. influence the supplemen-

tation-related differences in serum carotenoid and retinol values

but concentrations of carotenoids were generally highest in

participants ~ho quit smoking while in the study and lowest in

current smokers of 2: 20 cigarettesid. This study showed that

serum concentrations of non-/3-carotene carotenoids are altered

by long-term /3-carotene supplementation and confirms the

adverse effects of alcohol and cigarette smoking on serum

carotenoids. Am J Clin Nutr 1997:66:366-72.

l'.:TRODUCTIO:\"

In two large randomized placebo-controlled cancer-preven-
tion trials, the Alpha- Tocopherol, Beta-Carotene Cancer Pre-
vention (ATBC) Study (1,2) and the Beta-Carotene and Ret-
inol Efficacy Trial (CARET) (3), an increased incidence of
lung cancer and total mortality was observed in cigarette smok-
ers who received {3-carotene supplementation. The A TBC
StUdy. which involved placebo-controlled supplementation
\vith 20 mg {3-carotene/d (with or ~.ithout 50 mg a-tocopherol)
for 5-8 y (average: 6.1 y) in older middle-aged cigarette
smokers, was recently corroborated by CARET. CARET tested
{3-carotene in combination with retin:1 palmitate for an average
of 3.7 y in smokers and people ~.ho had been exposed to
asbestos and found somewhat greater relative increases in the
occurrence of lung cancer and total mortality.

One possible mechanism that has been proposed to explain
these findings is alteration of carotenoid metabolism by high-
dose {3-carotene supplementation. ie. interference with absorp-
tion. distribution. metabolism, or utilization of one or more of
the other (non-{3-carotene) carotenoid, sufficient to perturb
their biological functions. Previous studies have found various
changes in blood carotenoid concentrations in response to
primarily short-terrn supplementation ~ith {3-carotene (4-9),
lutein (6), and canthaxanthin (7). It is not known whether
similar alterations occurred in the A TBC Study. The suggested
a1cohol-related augmentation of the f3-carotene-related effect
on lung cancer in the A TBC Study and CARET trials ( 10, 11 )
and the fact that these trials had similar results in populations
of smokers ( 1, 3) are additional considerations of possible
relevance to the main findings and warrant further study.

\\.e investigated whether serum carotenoid or retinol con-
centrations were altered by supplementation with {3-carotene in
the ATBC StUdy, whether any such effects were modified by
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amount of alcohol consumption or cigarette use, and whether
exposure to alcohol and cigarette smoking affected serum
concentrations of carotenoids or retinol.

SUBJECTS AND 'IETHODS

Subjects

This study was conducted within the A TBC Study. a large
randomized double-blind placebo-controlled prevention trial
evaluating the effects of daily oral supplementation with (3-car-
otene or a-tocopherol on the incidence of lung and other
cancers in male cigarette smokers. Study design, characteristics
of participants, and trial results were described elsewhere ( 1, 2,
12). Participants in the current substudy (n = 491) were sub-

jects in the A TBC Study selected randomly from the metro-
politan Helsinki study area during an 8-wk period in early
1993. At entry into the A TBC Study between 1985 and 1988.
these men were aged 50-69 y. smoked ?; 5 cigarettes/d. and
were not taking daily supplements of vitamin E (> 20 mg).
vitamin A (> 20000 IV), or (3-carotene (> 6 mg).

The subjects were randomly assigned to four study groups on
the basis of a 2 X 2 factorial design: participants received
either (3-carotene alone (20 mg all-trans-(3-carotene/d in 10'1c
water-soluble beadlets: n = 110). vitamin E alone (50 mg
dl-a-tocopheryl acetate/d as a 50t:( powder; n = 128), both
agents (11 = 127), or placebo (n = 126). Thus, 237 men were

given (3-carotene and 254 men \\ere not given (3-carotene.
Capsules were provided by Hoffmann-La Roche Ltd, Basel.
Switzerland. At the time of the follow-up blood collection in
1993, participants ~.ere aged 58- i6 y (median: 66 y) and had
been in the study and taking capsules for an average of 6.7 y.

perfonned in the analytic laboratories of the Vitamin Research
Department of Hoffmann-La Roche Ltd ( 19. 20). Detection
limits were as follows: Iycopene. 0.009 .umol/L: {3-cryptoxan-
thin, 0.0 18 .umol/L; {3-carotene and a-carotene. 0.0 19 .umol/L;
lutein and zeaxanthin. 0.035 .umol/L; retinol. 0.07 .umol/L; and
a-tocopherol. 0.12 .umol/L. CV s for multiple detenninations in
the same serum sample on the same day or different days were
2-109c.

All laboratory assays were conducted by persons who were
blinded to intervention assignment and questionnaire data ex-
cept during a later recheck of selected samples to exclude
analytic artifact as the reason for the apparently increased
a-carotene values in the {3-carotene group. This analysis
showed a high selectivity and specificity for both a-carotene
and {3-carotene values.

Statistical analysis

Means = SDs were calculated for participant characteristics
at baseline in the {3-carotene and no-{3-carotene groups and t
tests were performed. For on-study serum carotenoids, retinol,
and a-tocopherol values (some of which were skewed), medi-
ans and interquartile ranges were calculated for the {3-carotene
and no-{3-carotene groups overall and within subgroups created
on the basis of daily baseline alcohol consumption flow or high
compared with the median value) and number of cigarettes
smoked daily at the time of the follow-up serum collection
[none (ie. participant quit smoking during the study I. 5-19, or
~ 20].

Wilcoxon rank-sum tests ~.ere used to assess differences
between groups and Spearman rank correlation coefficients
between the carotenoids were calculated. General linear-
regression models using both untransformed and log-trans-
formed serum carotenoid values were used to adjust serum
carotenoid concentrations simultaneously for several associ-
ated factors. including a-tocopherol intervention group, dietary
carotenoids and fat. serum cholesterol. body mass index (BMI).
number of cigarettes. and alcohol consumption (21 ). The
interaction between {3-carotene-supplementation group and
alcohol or smoking categories (as scored variables) was tested
by adding a cross-product variable ( {3-carotene group X alco-
hol or {3-carotene group X smoking category) in the regression
models for each serum fraction. Analyses were done with SAS
statistical software (SAS Institute Inc. Cary NC).

Baseline data

As part of the A TBC Study protocol for baseline data col-
lection, tobacco use and other factors were recorded, height and
weight were measured. and a serum sample was obtained ( 12).
Serum concentrations of (3-carotene. a-tocopherol, and retinol
were determined by HPLC (13) and serum total and high-

density-Iipoprotein cholesterol \\ere analyzed enzymatically
( 12). Serum concentrations of carotenoids other than (3-caro-
tene were not determined at baseline. Tobacco use was re-
corded throughout the A TBC Stud~ and 113 participants in this
substudy ( 23£Tc ) reported having quit smoking cigarettes by the
time of the follow-up serum collection early in 1993.

Dietary data were obtained for ~7 subjects from a detailed
food-use questionnaire that included a color picture booklet
and questions on the usual frequency of consumption and
portion sizes of 276 common foods. mixed dishes, and bever-
ages (including alcohol) over the preceding 12 mo (14). Intake
of carotenoids was based on Finnish food-composition data
( 15-18). By design of the parent study. dietary and alcohol data
were collected during follow-up in a random sample (11 C;c) of

participants. Therefore. these data were not used in the

analysis.

RESULTS

The no-{3-carotene and {3-carotene intervention groups were
similar with respect to all baseline characteristics studied, in-
cluding carotenoid intake (Table I). These and other baseline
characteristics were comparable with those in the overall
A TBC Study population ( I :?). There were no intervention-
group differences in some of the same factors during supple-
mentation (ie. number of cigarettes. serum cholesterol concen-
tration, and BMI) or in compliance with taking capsules
(median: 98.0CJc in both groups). At the time of serum collec-
tion for this study the men were aged 58-76 y (median: 66 y).
A similar proportion of men in the {3-carotene and the no-{3-
carotene groups were assigned to the a-tocopherol arm of the
ATBC Study (5~CJc and 50CJc. respectively).

Serum carotenoids during supplementation

For this study, I mL serum was obtained from each partic-
ipant during his tinal A TBC Study follow-up visit to the study
center in early 1993 and stored at -20 "C for an average of 14
mo. The assays for retinol. carotenoids. and a-tocopherol were
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TABLE 1
Characteristics of participants at study entry ,

11.02 :!: 2.56
115.2:!: 32.1
534.3 :!: 203.0

18.1:!: 19.4

10.77=:!.-8
II " " ~ '~

o)-.

518.4 = :!03.0

:!0.0 = :!1.0

4514 ::

2135 ::

1403 ::

875 ::

103 ::

39 :!

3 :!

1915 :!

13.0 :!

84.0 :!

103.1 j

321.0 j

4580 =

2137 =

1378 =

960 =

101 =

38 =

3 :

1734 :

12.0 :

80.4 :

104.1 :

309.0 :

Age (y)

Cigarettes/d
Time smoking (yJ

Body weight (kg)
BMI (kg/m2)

Serum cholesterol fmmol/L

Serum retinol (jJ.mol/L)

Daily nutrient intake

Energy (MJ)

Fat (g)

Cholesterol (mgJ

Alcohol (g)

Carotenoids ( jJ.g)

Total

{3-Carotene
Lutein/zeaxanthin

Lycopene
a-Carotene

Canthaxanthin

{3-Cryptoxanthin
Retinol (jJ.g)

Vitamin E (mg)

Selenium (jJ.gJ

Vitamin C (mgJ

Folate (jJ.g)

f :!: SO. There were no significant differences between groups

During supplementation the (3-carotene group had substan-
tially higher serum concentrations of not only (3-carotene but
also of a-carotene and (3-cryptoxanthin compared with the
no-(3-carotene group (Table 2). Retinol concentrations were
also slightly but significantly elevated. In contrast, the (3-car-
otene group had lower serum lutein concentrations. There was
no significant difference between the two groups in either
serum a-tocopherol or a-tocopherol adjusted for cholesterol.

In the no-(3-carotene group, indi\idual serum carotenoid
fractions were significantly correlated with each other: corre-
lation coefficients (r s) ranged from 0.20 for zeaxanthin and
(3-carotene (or lutein) (P :5 0.002) to 0.73 for (3-carotene and

a-carotene (P ~ 0.000 I ). Serum concentrations of specific
carotenoids were also associated with intake of the respective
carotenoids in the no-{3-carotene group (r. = 0.37, 0.29, 0.21,

and 0.18, respectively, for a-carotene, Iycopene, {3-cryptoxan-
thin. lutein. and zeaxanthin, p ~ 0.000 I ). {3-Carotene was an
exception (r, = 0.05). Serum {3-carotene concentration was

positively correlated with total fat intake in the {3-carotene
group ( r, = 0.31, p ~ 0.000 I) but not in the no-{3-carotene
group (r, = 0.07, p = 0.30) and most serum carotenoids were

associated with serum cholesterol in both groups.
Serum carotenoid and retinol concentrations during interven-

tion. according to baseline consumption of alcohol and {3-car-
otene-supplementation group, are shown in Table 3. There
was a similar pattern of serum carotenoid and retinol differ-
ences in response to supplementation in the low- and high-
alcohol-consumption categories, with significantly higher
serum concentrations of {3-carotene. a-carotene, and {3-cryp-
toxanthin in the {3-carotene group for each category of alcohol

consumption. The interaction between {3-carotene supplemen-
tation and alcohol in linear-regression models was not signif-
icant for serum carotenoids and retinol (both untransformed
and log-transformed serum values), with the exception of a
marginally significant (P = 0.08) interaction for log-trans-

formed serum {3-carotene.
Higher alcohol consumption was generally associated with

lo\\er serum carotenoid concentrations and higher retinol con-
centrations in both the no-{3-carotene and {3-carotene groups.
These relations were significant by Wilcoxon rank-sum tests
for {3-carotene (P ~ 0.0001 and p = 0.02, respectively, in the
no-{3-carotene and {3-carotene groups), a-carotene (P = 0.002
and p = 0.009), and {3-cryptoxanthin (P = 0.05 and p =

0.009 ). Simultaneous adjustment for a-tocopherol-supplemen-
tation group, dietary carotenoid or retinol intake, dietary fat,
serum cholesterol, number of cigarettes, and BMI by means of
multivariate linear-regression modeling of untransformed or
log-transformed values for serum carotenoids did not alter
these differences. Use of the overall ATBC Study median for
alcohol consumption ( II g ethanol/d) to define low- and high-
consumption subgroups produced similar results.

Serum carotenoid and retinol concentrations according to
smoking status at the time of follow-up blood sampling and
{3-carotene supplementation group are shown in Table 4.

TABLE 2

Serum carotenoids. retinol. and a-tocopherol during the study

0.37 (0.21-0.58r
0.12 (0.06-0.25)
0.11 (0.04-0.22)

0.06(0.03-0.11)
0.17 (0.12-0.22)

< 0.035 « 0.035-0.040)

1.94 (1.69-2.30)
37.2 (30.~.8)

5.81 (3.65-8.53)

0.20 (0.11-{}.33)

0.11 (0.06-Q.20)

0.15 (0.1O-Q.20)

0.15 (0.12-0.20)

< 0.035 ( < 0.035-{}.040)

2.05 (1.73-2.~2)

36.0 (29.5~.8)

{3-Carotene ( jJ.mol/L)

{3-Cryptoxanthin ( jJ.mol/L)

Lycopene (jJ.mol/L)

a-Carotene (jJ.mol/L)

Lutein (jJ.mol/L)

Zeaxanthin (jJ.mol/L)5

Retinol (jJ.mol/L)

a-TocopherolljJ.moVL)

I Based on values before truncation.

:! Median: 25-75 percentile in parentheses.
]-16 Significant difference between groups by Wilcoxon rank-sum test: ] p s 0.0001. -I p = 0.02.6 p = 0.03

5 Zeaxanthin concentrations below detectable limits are represented by < 0.035 IJ.moVL.

: 2372

: 1562

: 470

: 788

: 100

: 58

: 3

: 1567

: 6.0

: 23.0

:: 49.0

:: 91.0

: 26&2

: 1692

: 5:0

:~

: 10-

: 52

: ~

: 1288

: 6.0

: 2~.0

: 52.0

: 102.0
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TABLE 3
Serum carotenoids and retinol during the ,tudy. according to baseline alcohol consumption and supplementation group

High alcohol consumption (> 12.9 g/d)Lo" alcohol consumption ( $ 12.9 gld)

{3-Carotene group

In = 109)
{3-Carotene group

(n = 116)
~o-13-carotene group

(n = 117,
:-.-o-{3-carolene group

DifferenceJ (/1 = 125) Difference

9c

13211

70.j

2

1111

-13

O

7

0.29 (0.16-0.49) 5.71 (3.12-7.92)

0.11 (0.06-0.21) 0.18 (0.10-0.28)

0.10(0.05-0.18) 0.11 (0.06-0.18)

0.05(0.02-0.10) 0.1~(0.09-0.18)

0.17 (0.12-0.21) O.I~ (0.12-0.19)

< 0.035 « 0.035-0.037) < 0.035 « 0.035-0.039)

1.99(1.73-2.38) :;.1~(1.85-2.50)

0.46 (0.19-0.64)2 6.54 (4.39-9.53)
0.13 (0.07-0.33) 0.13 (0.14-0.40)
0.12 (0.04-0.14) 0.12 (0.07-0.21)

0.08(0.04-0.15) 0.16(0.11-0.21)
0.18 (0.13-0.24) 0.16 (0.12-0.21)

< 0.035 « 0.035-0.039) < 0.035 « 0.035-0.041)

1.89 (1.68-1.11) 2.03 (1.69-2.38)

13-Carotene ( IJ.mol/L)

13-Cryptoxanthin ( IJ.mol/L)

Lycopene (IJ.mol/L)

a-Carotene ( IJ.moVL)

Lutein (IJ.mol/L)

Zeaxanthin ( IJ.moVL)6

Retinol (IJ.mol/L) 8

I Based on values before truncation.

2 Median: 25-75 percentile in parentheses.
'-5 Significant difference between supplementation groups by Wilcoxon rank-sum test: J p ~ 0.0001. .J p = 0.002. ' p = 0.0004.

-I Zeaxanthin concentrations below detectable limits are represented by < 0.035 IJ.mol/L.

Smoking status did not materially influence the observed dif-
ferences in serum carotenoid and retinol related to f3-carotene
supplementation and all tests of this interaction yielded non-
significant results. Furthermore. \\.ith a few exceptions (eg,
f3-carotene), values for carotenoids \\ere highest in participants
who quit smoking during the study and lowest in current
smokers of ~ 20 cigarettes/d. Neither multivariate modeling to
adjust for a-tocopherol supplementation, dietary carotenoid or
retinol intake. dietary fat, number of cigarettes smoked at
baseline, and BMI, nor use of baseline (instead of follow-up)
smoking data. altered these findings.

DISCUSSION

We observed higher serum concentrations of f3-carotene,
a-carotene. f3-cryptoxanthin, and retinol and lower concentra-
tions of lutein in participants who received f3-carotene supple-
mentation for nearly 7 y. Previous studies showed an expected
although quantitatively variable rise in serum f3-carotene re-

sulting from f3-carotene supplementation and fairly consis-
tently found higher concentrations of a-carotene (4, 5, 9) and
lower concentrations of lutein/zeaxanthin (4, 6, 8, 9). One
study also showed increased f3-cf)ptoxanthin in both men and
women, lower lutein/zeaxanthin concentrations in men, and
higher lutein/zeaxanthin concentrations in women (5). Three
studies reported increased Iycopene concentrations (5, 8, 9) and
one study showed lo~.er Iycopene concentrations, probably as
a result of the controlled diet used (~). Another study found
diminished canthaxanthin concentrations from single-dose sup-
plementation with a combination of f3-carotene and can-
thaxanthin (6). The magnitude of the carotenoid changes was
comparable if the dosages of f3-carotene are taken into account.
The data presented here provide clear evidence that long-term
supplementation with f3-carotene affected serum concentra-
tions of other carotenoids and possibly retinol in participants in

the A TBC Study.
How serum concentrations of other carotenoids are altered

by f3-carotene supplementation is unclear. Possible analytic
artifacts from HPLC and contamination of the supplement with
other carotenoids have been mentioned in some previous re-
ports (4, 6) but were ruled out in this study. Supplemental
f3-carotene could influence non-f3-carotene fractions through

modification of their absorption, distribution, storage, utiliza-
tion, or clearance. For example, absorption of the other frac-

tions might be enhanced during f3-carotene supplementation.
~Ietabolic substitution by f3-carotene for biological (including
antioxidant) functions of other carotenoids, such as greater
conversion of the abundant f3-carotene to vitamin A, with
diminished conversion of either a-carotene or f3-cryptoxanthin,
is another hypothetical mechanism that might account for the
serum or plasma changes. Alternatively. f3-carotene might in-
duce release of other carotenoids from specific tissues into
serum. Because of the similar molecular structure of f3-caro-
tene, a-carotene, and f3-cryptoxanthin. metabolic conversion of
f3-carotene to a-carotene or f3-cryptoxanthin could also theo-
retically occur. However, only limited data exist to support
such in vivo bioconversion of lutein. zeaxanthin, and metabo-
lites, which involves migration of one double bond (22).
Clearly, our knowledge about carotenoid metabolism is less
than complete although continually expanding and further
stUdy of the obsef\.ed carotenoid changes is needed.

Although early studies suggested that serum a-tocopherol
was attenuated by f3-carotene supplementation (23. 24), our
data are in accord with the preponderance of findings from
several large studies that showed no such attenuation (9, 25-

29).
Our findings also raise the possibility .albeit remote. that one

or more of the other serum components (or their altered dis-
tribution) was responsible for the untoward effects in the
A TBC Study by means of either a direct harmful effect of a
moiety that was increased (eg, a-carotene, f3-cryptoxanthin, or
retinol) or a decrease in a fraction leg. lutein) that may be
protective. We are not aware of any data from stUdies in
humans that suggest the existence of harmful effects from other
carotenoids aside from reports of reversible retinal crystalliza-
tion resulting from canthaxanthin supplementation (30). In
comparison. retinol (or related compounds) has been postulated
to promote carcinogenesis and alcohol is thought to potentiate
such an effect in certain organs ( 31 }.

Although the biochemical basis for metabolic conversion of
f3-carotene to retinol and its congeners is well established (32)
and it is believed that under normal conditions, mechanisms
that affect f3-carotene absorption and metabolism can maintain
homeostatic control of retinol concentrations in blood and other
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TABLE 4

Serum carotenoid, and retinol during the ,;tudy. according to smoking status during study and supplementation group

5.74 (4.46-7.92)

0.26 (0.19-0.41)

0.13 (0.07-0.24)

1.66 (1.29-2.12)

0.17 (0.14-0.22)

< 0.035

( < 0.035-0.046)

2.18 (1.82-2.46)

1245-'

53.'

-9

148-'

-3

06

12

6.61 (4.07-9.52)

0.20(0.11-0.31)
0.11 (0.06-0.10)

1.~0(1.04--1.96)
0.15 (0.12-0.19)

< 0.035

( < 0.035-0.040)

2.00 ( 1.69-2.42)

16033

507

-3

873

167

0

3

5.11 (3.34-8.10)

0.15 (0.08-0.27)

0.11 (0.06-0.18)

1.~0(0.89-1.90)
0.1~ (0.11-0.20)

< 0.035

« 0.035-0.037)

2.02 (1.71-2.31)

ISOO3

417

7

1693

-6

O

Qujt smoking (/1 = 54 no-13-carotene. n = 59 13-carotene)

13-Carotene (JJ.mol/L) 0.43 (O.23-0.63f

13-Cryptoxanthjn ( JJ.mol/L ) 0.17 (0.08-0.34)

Lycopene (JJ.mol/LJ 0.14 (0.06-0.25)

a-Carotene (JJ.mol/L) 0.67 (0.30-1.32)

Lutein (JJ.mol/LJ 0.18 (0.14-0.23)

Zeaxanthin (JJ.mol/LJ5 < 0.035

( < 0.035-0.037)

Retinol (JJ.mol/L) 1.95 ( 1.73-2.27)

Smoking < 20 cigarettes/d (/1 = 95 no-/3-carotene. 86 /3-carotene)

13-Carotene (JJ.moI/LJ 0.39 (0.21-0.61)

13-Cryptoxanthin (JJ.mol/LJ 0.13 (0.07-0.29)

L:copene (JJ.mol/L) 0.12 (0.04-0.22)

a-Carotene (JJ.mol/L) 0.75 (0.35-1.43)

Lutein (JJ.mol/L) 0.18 (0.13-0.23)

Zeaxanthin (JJ.moI/LJ5 < 0.035

( < 0.035-0.042)
Retinol (JJ.mol/L) 1.94 (1.66-2.24)

Smoking ~ 20 cigarettes/d (/1 = 105 no-/3-carotene. n = 92 /3-carotene)

13-Carotene ( JJ.mol/L) 0.32 (0.17-0.52)

13-Cryptoxanthin (JJ.mol/L) 0.10 (0.06-0.19)

L:copene(JJ.mol/L) 0.10(0.04-0.16)
a-Carotene (JJ.mol/L) 0.52 (0.28-0.82)

Lutein (JJ.mol/L) 0.15 (0.11-0.21)

Zea"(anthin (JJ.mol/L)5 < 0.035

( < 0.035-0.035 )

Retinol(JJ.mol/L) 1.94(1.71-2.35) 4
I Based on values before truncation.

= ~Iedian; 25-75 percentile in parentheses.

!-1,\7 Significant difference between supplementation groups by Wilcoxon rank-sum test: 3 p s 0.0001. -I p = 0.002. '\ p = 0.04. 7 p = 0.01

5 Zeaxanthin concentrations below detectable limits are represented by < 0.035 jJ.mol/L.

tissues, it is less clear whether long-term supplementation with
{3-carotene can measurably affect retinol concentrations in hu-
mans. Most {3-carotene-supplementation studies did not mea-
sure or report data for retinol (4, 5-7.9). Of the few that did,
most found no changes in plasma or serum retinol in response
to pharmacologic doses of {3-carotene 19. 27, 28, 33, 34). It is
of interest, however, that somewhat higher adipose tissue con-
centrations of retinoic acid were obsef\ed in subjects given a
large single oral dose of {3-carotene in one investigation (34)
and that accumulation of vitamin A in the livers of pre ruminant
calves fed higher dosages of {3-carotene has been reported

recently (35).
The alteration of serum carotenoids and retinol by {3-caro-

tene supplementation was not related to amount of alcohol
consumption. This finding is evidence against the relevance of
serum carotenoids and retinol to the reported interaction be-
tween {3-carotene and alcohol in the incidence of lung cancer in
the A TBC Study and CARET ( 10. I I ). Our observation of
lo\\.er serum carotenoid concentrations in men consuming more
alcohol, a finding that was not accounted for by dietary caro-
tenoid values, is consistent with most previous research, in-

cluding cross-sectional (36-4 I) and {3-carotene-supplementa-
tion studies (28, 33. 40). In contrast. one study found higher
serum {3-carotene in drinkers than in nondrinkers (42) and
another found that plasma {3-carotene and a-carotene increased
and {3-cryptoxanthin and lutein/zea.xanthin decreased during

the alcohol-intake phase of a controlled dietary study (43).
Given that several studies, including the present investigation.
eliminated dietary differences as the reason for alcohol-related
alterations in plasma or serum carotenoids (28, 33, 37. 41 ).
more direct effects of alcohol on {3-carotene and carotenoid

absorption, metabolism, or utilization should be considered.
Such effects are greater oxidative stress from alcohol leading to

greater {3-carotene ( and other antioxidant) use by alcohol-
related radicals (39,42) and increased carotenoid conversion to
retinol (41 ). In the current study, serum retinol concentrations
were somewhat elevated in men with higher alcohol intake.
regardless of {3-carotene supplementation.

Our data also highlight the important intercorrelations
among the various serum carotenoids and are consistent with
the possibility that elevated serum {3-carotene in previous ob-
sef\"ational studies may have served as an indirect marker of
other carotenoids, Some recent obsef\'ational data support a
role for other specific carotenoids in human cancer (44. 45).

The strengths of this investigation include its large sample
size. its randomized double-blind design. and the high-quality
prospective dietary and alcohol data available for study. The
supplementation period was 5-8 y (average: 7 y), which af-
forded more than adequate time for stabilization of absorption.
metabolism, and clearance mechanisms relevant to carotenoids,
Compliance in taking capsules was high. Serum samples were
stored for an average of only 14 mo at -20 "C before analysis.
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However. by design of the parent A TBC Study, only serum
f3-carotene \\.as determined at study entry; thus, data on pre-
supplementation and post supplementation changes in the other
serum fractions were not available. Also, because all subjects
were cigarette smokers at study entry .lifelong nonsmokers
were not studied.

In summar:-. f3-carotene supplementation (20 mg/d) led to
higher serum concentrations of f3-carotene, a-carotene. f3-cryp-
toxanthin. and retinol and modestly decreased lutein concen-
trations. Thus. our study did not support the notion that sup-
plemental f3-carotene suppresses carotenoid fractions other
than lutein. Independent of dietary carotenoid intake. greater
alcohol consumption and. to a lesser degree, current heavier
cigarette smoking were related to lo\\er serum carotenoid con-
centrations: however. the response of serum carotenoids to
f3-carotene supplementation was not related to the level of
alcohol consumption or cigarette smoking. Studies aimed at
determining how these effects occur and their relevance to
trial-based cancer findings would be useful. n

We thank \\.olfgang Schalch and Vish'"a ~ Singh for their important
contributions to this study and Michael J Barrett for computer analytic
assistance.
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